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PROJECT SUMMARY

We have demonstrated that pulsed electron beams can be created

by multiplication of a lower current density primary beam impinging

on high electron yield targets of the same type previously used to

multiply microamp electron currents in photomultiplier tubes. The

main results obtained during this Project are the following:

- Generation of a 17-A, 1-ps beam from a 2.5-cm-diameter Ag

(98.3%) - Mg (1.7%) polycrystalline alloy target by electron

multiplication of a 2.5-A primary beam.

- Implementation of a surface activation technique for Ag-Mg

targets that allows to attain reproducible yields greater

than 5, which remain stable under bombardment with high

primary beam current densities (% A/cm2). Yields up to 7 were

occasionally observed.

- Observation of the onset of electron current oscillations,

probably associated with the development of beam-plasma

instabilities at the relatively low (< 15 keY) acceleration

energies used in this work to propagate the electron streams.

The maximum electron beam currents obtained were only limited

by the appearance of the oscillations, which might be due to

electron-ion instabilities associated with the propagation
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of high current density quasi-neutralized electron streams.

Increasing the acceleration voltage should allow for the

generation significantly larger stable currents by electron

multiplication.
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I. INTRODUCTION

We have demonstrated a new approach for the generation of

broad area intense electron beams based on the multiplication of

electron streams achieved by bombarding high yield materials [1].

This well known phenomenon has been employed for decades in

photomultiplier detectors to amplify currents in the submilliamp

range [2], but to our knowledge has never been used for the

generation of intense electron beams. We generated a broad area

electron beam pulses of 1 psec duration with current densities up

to 3.4 A/cm2 by single stage multiplication of a 0.5-A/cm2 electron

stream. The scheme has the potential of generating intense

electron beams whose current and pulse-width are tailored by

controlling a low current density beam.

Ion and photon fluxes have been previously used to cause

intense electron emission from cold cathodes. The emission of

electrons from cathode materials following the bombardment by

energetic ions has been widely used in the generation of broad area

electron beams [3-8]. While many cathode materials exist which

present high electron yields following the bombardment by ions

[9.101, ion bombardment electron guns have limitations for the

generation of very high current density beams. For a given

electron yield, the electron beam current density is limited by the

bombarding ion flux, which is itself limited by the large positive

space charge. Also. ion bombardment induced sputtering of the

cathode material is an undesirable effect that is present and



limits the electron gun lifetime.

Recently, very large electron beam current densities have been

achieved using photocathodes C11,12]. The photoemission scheme has

the advantages that photons do not present space charge limitations

nor cause sputtering. An additional advantage of photocathodes is

the very small energy spread of the emitted beam produced by

monochromatic irradiation. However, the laser required as a photon

source increases the size and complexity of the cathode, and also

limits its scaling to very broad areas.

The electron beam was generated by electron bombardment

induced emission of an activated Ag-Mg target 2.5 cm in diameter.

In this scheme, the electrons emitted by a low current density

primary electron source impinge on a high electron yield target at

an energy close to that required for maximum emission of secondary

electrons. The secondary electrons are subsequently accelerated

in the opposite direction to form a higher current density beam.

Electrons cause negligible sputtering and create a space charge

which is two orders of magnitude lower than that corresponding to

an ion beam of the same flux and energy. Some of the same

materials and surface activation procedures developed for electron

multiplication of the microamp level in photomultiplier tubes allow

for efficient electron multiplication at pulsed current densities

many orders of magnitude larger. Consequently, the scheme has the

potential of generating very high current density pulsed electron

beams.
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II. EXPERIMENTAL SETUP

II.1. Primary electron gun and target systems

The experimental setup used is schematically shown in Figure

1. The primary, or seed, electron beam pulse is generated from a

2.5-cm-diameter, 2.5 cm-long, thermionic dispenser cathode [13] by

pulsing an accelerating grid to positive potential with respect to

the cathode. Subsequent acceleration of the beam is achieved

floating the setup negatively with respect to a grounded grid. A

floating molybdenum cylinder surrounds the dispenser cathode to

reduce side emission and radiative heat losses, shielding

effectively the cathode from the vacuum chamber and helping reduce

dispenser cathode poisoning effects associated with the ionization

of background contaminants from the chamber's wall by the electron

beam. Figure 2(a) is a photograph of the entire system, including

the pulser circuit and vacuum chamber. The photograph in Figure

2(b) shows the thermionic cathode in operation and the target.

The beam generated by the thermionic gun propagates to another

grounded grid placed in close proximity with the target. The 70

percent transmissivity grids are made by etching of a 0.010 inch

molybdenum sheet [14], allowing for a very good thermal

conductivity and mechanical stability. The target is negatively

biased with respect to ground to retard the electrons from the seed

beam, such that they will bombard its surface with an energy close

3
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Figure 2. (a) Photograph of the entire system. including the

pulser circuit, high voltage, high vacuum feedthroughs, and

vacuum chamber. (b) View of the thermionic gun in operation and

the tarqet system.



to that necessary for maximum electron yield. The field that

decelerates the electrons from the primary beam also accelerates

the electrons emitted by the target to form the secondary beam. All

grid spacings are such that no space charge limiting occurs on the

dispenser or target cathodes.

Electron beam multiplication has been achieved using an

activated Ag (98.3%) - Mg (1.7%) polycrystalline alloy target [15).

The target and its corresponding grounded grid are positioned

forming an angle with respect to the axis of the primary beam, of

either 110 or 30 o to allow extraction of the secondary beam as it

will be required in practical applications. An additional benefit

of this configuration is that the electron yield is slightly

increased with respect to the normal incidence value. The entire

setup is enclosed in a stainless steel chamber 20 cm in diameter

that is evacuated to a pressure of I x 10" Torr using a

turbomolecular pump. In the electron multiplication experiments,

the chamber is filled with 5 x 10.4 Torr of argon to provide quasi-

neutralization of the electron streams and thereby overcome the

current limitations set by the propagation of unneutralized

electron beams in an equipotential region (see section 11.2).

To generate the primary electron beam, a circuit was developed

that generates a square pulse with pulse-widths ranging from 0.4

to 3 psec and amplitudes from +0.5 to 5 kV. As illustrated in

Figure 1, the pulser is connected between the inner grid and

dispenser cathode and both are floated up to -20 kV. The pulser



output is a +0.5 to 5 kV square pulse which allows the generation

of an electron pulse. The beam is then further accelerated in the

gap between the inner grid and a grounded grid. A detailed

schematic of the pulser circuit is illustrated in Figure 3. The

krytron pulser is based on modifications to EG&G application note

K5502B-3. The pulse repetition rate is controlled by a +6 V clock

pulse that controls the gate of the SCR diode (2N1595). The input

of the TR131 pulse transformer is obtained discharging a O.1-mF

capacitor by means of an SCR. After the SCR diode closes, the

discharging capacitor generates a 1-kV pulse at the output of the

pulse transformer. This pulse is the trigger for VI, a KN-29

krytron that controls the rising edge of the pulse by initiating

the discharge of capacitor C1 previously charged to 1-5 kV. A

second KN-29 krytron, V2, is connected to the cathode of the first

one through an RC circuit and when switched on, rapidly completes

the discharge of C1 and controls the pulse-width of the high

voltage pulse. Figure 4 illustrates a 60-A square current pulse

emitted from the thermionic cathode by applying the output of the

pulser circuit between the cathode and the inner grid. The entire

pulser was powered by an insulation transformer and was floated up

to 15 kV. The circuit operated at 1 Hz for more than 300 hours

without need of replacing the krytrons.

11.2. ProoaQation of the primary electron beam

A problem we faced working in vacuum (P t 10"/ Torr) and at

electron beam acceleration energies of approximately 10 keV was the

7
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Figure 4. Current puise emitted from the
thermionic cathode. The pulser circuit
output voltage is 2.5 kV. 10 A/div, 500
ns/div.



inefficient transmission of the extracted electron gun current to

the target through the 15-cm-long drift region defined by the two

grounded grids. We observed that the currents reaching the target

were almost two orders of magnitude lower than the currents being

emitted by the thermionic cathode, under high vacuum conditions

(pressures : 10.7 Torr). We found that the low collected current

values due to space charge effects in the drift region, which leads

to beam spreading. Adding a small amount of a noble gas in the

vacuum chamber (IO to 10 - Torr of He or Ar) for charge

neutralization increased the current reaching the target by more

than one order of magnitude. The oscilloscope traces shown in

Figure 5 illustrate the drop in the current pulse collected at the

target as the argon pressure is reduced from 5x10 "€ Torr to 5xI0 -6

Torr (the background pressure was 10-" Torr), while Figure 6 is the

corresponding collected current vs pressure plot. Argon gas was

preferred over helium due to its higher ionization cross section

and lower heat conductivity. Helium excessively cooled the

thermionic cathode.

11.3. Target Activation

Nonactivated Ag-Mg targets were measured to have electron

yields 52. The first target surface activation procedure attempted

to increase the electron yield consisted in using the Ag-Mg sample

as a cathode of a glow discharge in pure oxygen or CO 2 atmospheres

to form a high yield oxide layer on the surface. However, for the

10



Figure 5. Oscilloscope traces showing the
drop of the current pulse collected at the
target as the argon pressure is reduced.
Primary gun acceleration voltage: 10 kV. The
target is grounded. 2 A/div, 500 ns/div.
Pressure values corresponding to the traces
shown from top to bottom are: 5, 4, 3, 2. 1,
0.5, and 0.05x10 " Torr, respectively.
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Figure 6. Current pulse collected at the target as a function of

argon pressure. The thermionic gun floating voltage is

10 kV. The target is grounded.
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range of glow discharge conditions studied (discharge currents from

5 to 20 mA, pressures from 0.8 to 1.1 Torr, and time intervals from

5 to 30 minutes), we were unable to attain electron multiplication

factors greater than 2, probably due to a nonoptimized oxide layer

thickness or target surface contamination. On the other hand, we

obtained electron yields of the order of 5 from a not treated Ag-

Mg surface, which could not be reproduced later, probably resulting

from a particular not intentionally programmed sequence of events

(e.g. pumping, heating with primary gun, BaO evaporation from the

dispenser cathode, etc.).

The second activation procedure we attempted consisted of

externally heating the sample to favor the migration of Mg to the

surface, and then add C02 in the vacuum chamber to form a magnesium

oxide layer, following a procedure developed to activate dinodes

of photomultiplier tubes made of the same material [16]. The

initial heating system consisted of a stainless steel (SS) tube

which supported the target material, and contained the heater

filament external to the high vacuum system as schematically

illustrated in Figure 7. The heater filament was placed in soft

vacuum (1 mTorr) to reduce oxidation and heat convection losses.

However, attempts to reach the desired temperature of 7500C were

stalled because of excessive heating of the SS tube, causing a low

heating efficiency and contamination of the target surface by the

vaporization of SS components.

13
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To overcome this problem, we designed a more efficient system

of direct heating in which the sample is mounted over the heater

(now placed inside the high vacuum chamber) using a supporting

molybdenum piece, as shown in Figure 8. The heater filament is

potted inside a molybdenum cup and its legs are connected to two

high voltage vacuum feedthroughs. The surface temperature of the

target was measured using an optical pyrometer through a window

installed in one of the ports of the vacuum chamber. The successful

activation procedure implemented using this setup is as follows:

by increasing the applied ac voltage, a current of 13.5 A is kept

constantly circulating through the heater filament until a power

of approximately 125 W is dissipated; this process allows to reach

7500C at the target surface after approximately 20 minutes. Then,

while keeping the target at this temperature, 400 mTorr of CO 2 are

added to the vacuum chamber for 2 minutes, interval after which the

gas flow and heating power are interrupted. Failure to activate the

target surface was observed to yield multiplication factors of less

than 2. After the target temperature was increased to 7500C and

exposed for 2 minutes to an atmosphere of 400 mTorr of CO2, yields

of 5 were consistently observed and yields up to 7 have been

occasionally measured. Larger yields might result from the

optimization of the thickness of the oxide layer, since electron

yields up to 12 for lower electron beam current densities have been

reported following this procedure [16).

15
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III. gXPERIMENTAL RESULTS

III.1. Electron Beam Multiplication

All the electron multiplication experiments were conducted for

only one type of target, the Ag-Mg alloy previously described. In

Figure 9, are oscilloscope traces showing the effect of electron

multiplication. The top trace corresponds to the current pulse

collected at the grounded target when bombarded by an 8-keV primary

beam impinging at an angle of 30. In this situation, the

secondary electrons rapidly form a space charge that inhibits

significant electron emission, and consequently the target current

can be considered a good approximation of the primary beam current

impinging on the target if backscattering is neglected [17]. This

assumption was verified by applying a 50-V positive bias to the

target, in which case the current changed by less than 15 percent.

The bottom trace is the measured target current when all conditions

are maintained equal, but the target is biased to -5 kV. In this

situation, the primary electrons arrive at the target surface with

an energy of 3 key, and the secondary electrons are accelerated to

form a 5 keV beam. The bottom trace is the sum of the primary beam

current arriving to the target and that of the emitted secondary

electron current. Figure 9 shows that for a primary beam current

of 2 A. a secondary beam current of 11 A was emitted, corresponding

to a multiplication factor of 5.5. The shape of the multiplied

electron pulse is observed to follow that of the 1-psec primary

17



Figure 9. Current flowing to the Ag-Mg target bombarded
with an 8-keV electron beam when the target is grounded
(upper trace, 2 A/div), and when is biased to -5 kV(lower trace, 2 A/div). The lower Pulse represents the
sum of the primary beam current collected (positive
current) and the emitted current (neqttive current). The
argon background Pressure is 5x10 ' Torr. The angle
between the normal to the target and the axis of the
primary beam is 300, and the distance between groundedgrids is 8 cm.
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beam. Impinging on the target with a current of 2.5 A (0.5 A/cm2)

produced 17 A (3.4 A/cm2) of emitted current when the primary beam

had an energy of 8 keV and the target was floated to - 4 kV.

Figures 10(a) and 10(b) show the electron multiplication factors

measured as a function of the energy of the primary electrons, for

primary beam current densities of 0.3 A/cm 2 and 0.6 A/cm 2

respectively impinging at an angle of 110. In both cases, the

electron yield is observed to increase from approximately 1 for a

9-keV primary electron energy to nearly 5 for a primary electron

energy of about 3 keV. No degradation of the yields was observed

to occur after hours of bombardment with Ws wide electron beam

pulses at a frequency of 1 Hz. Increasing the magnitude of the

negative voltage bias of the target such that the primary electrons

would arrive at the target surface with an energy of less than the

smallest value shown in Figure 10 would probably result in further

increase in the yield; however, this was observed to distort the

current pulse due to the onset of oscillations.

Figure 11 illustrates the onset of the oscillation for the same

primary beam conditions of Figure 9, occurring when the magnitude

of the bias is increased by 200 V to -5.2 kV. The emitted target

current increases to 13 A, corresponding to an electron

multiplication factor of 6.5, before the current pulse is disrupted

by oscillations.

19
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Figure 11. Target current measured for the same primary
beam conditions os Figure 9, but biasing the target to
-5.2 kV. Oscillations are observed to occur at the end

of the emitted current pulse.
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111.2. Current oscillations limiting the current density

A detailed experimental study of the frequency, voltage

threshold, and dependence on current level and pressure of the

observed oscillations was carried on during the final weeks of the

project. Figure 12 illustrates the sequence of changes in the

target current as the target voltage is varied from 0 to -8 kV,

for a primary beam acceleration energy of 10 keV. The target

current first changes sign, and then the emitted current continues

to increase in magnitude as the impinging energy of the primary

electrons approaches the optimum value for electron multiplication

(about 1-1.5 keV). However, for Vtarget= -7.5 kV the onset of

oscillations on the current pulse can be clearly appreciated,

increasing significantly in magnitu-2 ror V'Lar9et7= -8 kV. We observed

that these oscillations were characterized by a frequency of

approximately 25 MHz, almost independent of the current level,

acceleration energy or pressure; a typical waveform showing the

presence of these oscillations is shown in Figure 13. However, the

voltage difference between the target and the floating potential

of the thermionic gun corresponding to the onset of the

oscillations was observed to be dependent on the conditions; at the

working argon pressures of 5x10 4 Torr and the target normal at 110

respect to the primary beam axis, the oscillations started for an

acceleration voltage difference between the primary and secondary

beams of approximately 2.5 kV. While at the background chamber

pressures of 10.7 Torr, they started for a voltage difference lower

than 1 kV. It is important, however, to consider that the latter

22
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Figure 13. Time evolution of the target current pulse showing the

presence of oscillations. The signal was digitalized in

1,024 channels with 5-ns resolution. The primary beam

current is 2 A. Vacc = 7 kV. The target floating

potential is 4 kV. Argon pressure is 5x10"4 Torr.
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condition corresponds to current values one order of magnitude

lower because of the poor neutralization of the electron beams.

To study the propagation of the primary and secondary electron

*beams in the drift region, we constructed and mounted a vacuum

ready, movable, self-integrating Rogowski coil (3 cm in diameter)

in front of the target system. The design of the coil is shown in

Figure 14. Figure 15 shows the current pulse collected at the

grounded target (top trace) and the current measured with the

Rogowski coil. In this way, we were able to monitor the primary

beam arriving to the target system and the sum of the counter-

propagating primary and secondary electron beam currents. The coil

showed the same type of current oscillations measured in the

propagating beam as in the target current. These measurements,

however, were not conclusive in clarifying the nature of the

current oscillations due to the difficulty to attain an adequate

target activation, probably originated by the outgassing of the

coil's aluminum shielding when the target was heated to 7500C as

required for activation. This contamination was observed even when

the coil was retracted 10 cm during target activation.

The possibility of the current oscillations being originated

in the target gap was studied. The space charge accumulation in the

target gap was calculated numerically to identify a possible field

inversion in that gap when the primary beam is decelerated to the

optimum impinging energy. The oblique incidence of the primary

electrons and the presence of emitted secondaries were taken into

25
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Figure 14. Schematic view of the high vacuum, self-integrating

Rogowski coil constructed to study the propagation of

the electron streams in the drift region.
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Figure 15. Current pulse collected at the grounded target
(top trace, 2 A div) and corresponding current measured
oy the Rogowski coil (bottom trace, 4 A/div) placed in
front of the target system. = 10 kV. Argon pressure
is 5x1O

4.
acc

4
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account. These calculations showed that no such field inversion can

be expected as long as the emitted current density is below the

Child-Langmuir current limit for that gap, a condition that was

satisfied in our experimental situation. Also, the relative

independence of the onset of oscillations on the current density

level indicates that space charge effects in the target gap are not

likely to be responsible for these oscillations.

If the observed oscillations are not generated by space charge

effects in the target acceleration gap, they should originate in

the drift region where the electron beams propagate. Instabilities

in a neutralized electron stream propagating in a drift tube have

been widely observed by different authors and predicted and modeled

theoretically [18-23]. For instance, the well known Pierce

instability (22], characterized by a critical perveance of

approximately 190x10 "6 A/V 31 2 for its onset, might be inferred as a

double streaming growth (due to interaction between the electron

stream and the ions), or due to the interaction between the

electron stream and charges on the grids and drift tube walls [23).

However, this critical perveance value is well above our maximum

perveance values (I t 10 A, V = 104 V) of I0xi0 "6 A/V 312, and also its

onset should be strongly dependent on the acceleration voltage,

which was not observed in our experiments.

Besides, the observed frequency of oscillations does not seem

to be easily related to any natural oscillation frequency of the

electron beam produced plasma in the drift region. The electronic

28



plasma frequency foe = 1/2yt (n e i2 /m e 
I 2 can be estimated

calculating ne as n e = Jbeam / eve where i beam is the electron beam

current density, and ve = (2 e Vac / me) 1/2 is the electron beam

velocity. For typical values of =beam 1 A/cm2 , Vac = 10 4 V, results

ne = 109 cm 3 , and fPe 290 MHz, which is much higher than the

observed frequency f0sc # 25 MHz. On the other hand, the ion plasma

frequency f01 = (me/m)'V2 fpe : 3.7x10" 3 f e = 1.1 MHz << f 0SC The

absence of any applied magnetic field precludes the presence of low

frequency oscillations originated in the beating of high frequency

axial modes [24].

In consequence, by the end of the project, the origin and

eventual remedy of the observed oscillations remains unclear.

Nevertheless, a substantial increase in the acceleration voltage

might solve this limitation on the maximum current densities

attainable using this scheme. A more detailed study of the onset

of oscillations for higher (> 15 kV) acceleration voltages could

not be completed due to the occurrence of arcs to the grounded

grids in the thermionic and target systems, only solvable through

a major design change, that was not possible to complete during the

period of the contract.

4
IV. CONCLUSIONS

The experiments performed during this contract demonstrate

that multiplication of electron beams in high yield targets is a

viable method for the generation of high current density electron

beams. The experiments were limited to bombardment of an activated
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Ag-Mg alloy. After activation, this type of target was measured to

consistently have electron yields greater than 5, with yields up

to 7 being occasionally observed. No degradation of the electron

yields were observed to occur after hours of bombardment with a

0.5-A/cm2 , 1-us-wide electron beam pulses at a frequency of I Hz.

A systematic optimization of the activation procedure was not

completed to optimize the thickness of the oxide layer, and higher

yields may be possible. Other materials not explored during this

contract, such as cesium coated semiconductors, have been measured

to provide yields larger than 100 for the small electron current

densities typical of photomultiplier tubes and might have potential

to yield significantly higher electron beam multiplication factors.

Using Ag-Mg targets 2.5 cm in diameter, we were able to

generate a 17- electron beam pulse, 1 ps wide by multiplication

of a 2.5-A beam. The maximum current obtained was limited by the

onset of oscillations in the electron beam current. The

oscillations are probably due to electron-ion instabilities known

to occur in the propagation of quasi-neutralized electron streams.

In this case, the onset of instabilities could be shifted to much

higher current values by increasing the electron beam acceleration

potential, which in the current experiment was limited to 10 kV.

Once this limitation is overcome, based on the results discussed

herein it should be viable to obtain very large current density

electron beams by multiplication of highly controllable, low

current density beams.
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Electron beam generation by electron multiplication
C. Murray, B. Szapiro,." and J. J. Rocca)
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We have demonstrated that intense pulsed electron beams can be created by multiplication of

lower current electron streams impinging on a high electron yield target. A 17 A electron beam
of I ps pulse width was generated from a 2.5 A beam bombarding an activated Ag-Mg target
2.5 cm in diameter.

We have demonstrated a new approach for the genera- ing and create a space charge which is two orders of

tion of broad-area intense electron beams based on the multi- magnitude lower than that corresponding to an ion beam of
plication of electron streams achieved by bombarding high- the same flux and energy. The experiments reported in this

yield materials. This well known phenomenon has been letter show that some of the same materials and surface acti-

employed for decades in photomultiplier detectors to am- vation procedures developed for electron multiplication of
plify currents in the submilliamp range,' but to our knowl- the microamp level in photomultiplier tubes allow for effi-
edge has never been used for the generation of intense elec- cient electron multiplication at current densities many or-
tron beams. We report tie generation of broad-area electron ders of magnitude larger. Consequently, the scheme report-
beam pulses of I us duration with current densities up to 3.4 ed herein has the potential of generating very high current
A/cm2 by single-stage multiplication of a 0.5 A/cm2 elec- density electron beams.
tron stream. The scheme has the potential of generating in- The setup used to demonstrate this electron beam gener-
lense electron beams whose current and pulse width are tai- ation scheme is represented in Fig. i. The primary, or seed,
lored by controlling a low current density beam. electron beam pulse is generated from a 2.5-cm-diam ther-

Ion and photon fluxes have been previously used to mionic dispenser cathode, by pulsing an accelerating grid to
c,"ise intense electron emission from cold cathodes. The positive potential with respect to the cathode and floating
crn;ssion of electrons from cathode materials following the them negatively with respect to a grounded grid. The beam
bombardment by energetic ions has been widely used in the propagates to another grounded grid placed in close proxim-
generation of broad-area electron beams. -'7 While many ity with the target. The target is negatively biased with re-
cathode materials exist which present high electron yields spect to ground to retard the electrons from the seed beam,
following the bombardment by ions,' ion bombardment such that they will bombard its surface with an energy close

electron guns have limitations for the generation of very high to that necessary for maximum electron yield (about I key
current density beams. For a given electron yield, the elec- for Ag-Mg targets). Electron beam multiplication has been
tron beam current density is limited by the bombarding ion achieved using an activated Ag (98.3%)-Mg (1.7%) poly-
flux, which is itself limited by the large positive space charge. crystalline alloy target. The target and its corresponding
Also, ion bombardment induced sputtering of the cathode grounded grid are positioned forming an angle with respect
material is an undesirable effect that is present and limits the to the axis of the primary beam, either I V or 30° in the ex-
electron gun lifetime. Recently, very large electron beam periments reported herein, to allow extraction of the second-
current densities have been achieved using photocath- ary beam as it will be required in practical applications. An
odes. '" The photoemission scheme has the advantages that additional benefit of this configuration is that the electron
photons do not present space-charge limitations or cause yield is slightly increased with respect to the normal inci-
sputtering. An additional advantage of photocathodes is the dence value. The entire setup is enclosed in a stainless-steel
very small energy spread of the emitted beam produced by chamber 20 cm in diameter that is evacuated to a pressure of

monochromatic irradiation. However, the laser required as a I X 10 7Torr using a turbomolecular pump. In the electron
photon source increases the size and complexity of the cath-

* ode, and also limits its scaling to very broad areas.
In the experiments reported herein, an electron beam Ag-Mg Target tt Beam cathode

was generated by electron bombardment induced emission \ I aIo#

of an activated Ag-Mg target 2.5 cm in diameter. In this
scheme the electrons emitted by a low current density pri- , ,
mary electron source impinge on a high electron yield target eater N vrob

at an energy close to that required for maximum emission of CC-O -1.i.secondary electrons. The secondary electrons are subse- -a Prob

quently accelerated in the opposite direction to form a high-
er current density beam. Electrons cause negligible sputter. suppIy I "

'idtltcor.Il I lhl , Univecisy of Buena', Aires, FIG t. Schematlic repre,,entation ofelectron multiphcation setup. Current
Natinl Science Foundatln Pre',,deniial Young Investigator. coils are identified by CC. The vacuum chamber is not shown
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multiplication experiments the chamber is filled with a primary beam current of 2 A a secondary beam current of
5>. '0 Torrofargon to provide quasineutralization of the I I A was emitted, corresponding to a multiplication factor

clrclron ,ireams and thereby overcome the current limita- of 5.5. The shape of the multiplied electron pulse is observed
Iio)s by Ihc propagalion ol'ujnen ralized electron beams to follow ihat of the I is primary beam. Impinging on the
of Ics, than 10 keV in an equipolential region. '

-  target with a current of 2.5 A (0.5 A/cm2 ) produced 17 A
The Ag-Mg target surface was activated to obtain large (3.4 A/cm2 ) of emitted current when the primary beam had

electron yields following a procedure developed to activate an energy of 8 keV and the target was floated to - 4 kV.
dynodes of photomultiplier tubes made of the same materi- Figures 3(a) and 3(b) show the electron multiplication
al. ' The procedure consists in diffusing Mg to the surface by factors measured as a function of the energy of the primary
heating the target and achieving oxidation in a CO, atmo- electrons, for primary beam current densities of 0.3 and 0.6
sphere to form a magnesium oxide layer. Failure to activate . A/cm2 , respectively, impinging at angle of 1V. In both cases
the target surface was observed to yield multiplication fac- the electron yield is observed to increase from approximately
tors of less than 2. After the target temperature was in- one for a 9 keV primary electron energy to nearly five for a 4

creased to 750 °C and exposed for 2 min to an atmosphere of primary electron energy of about 3 keV. No degradation of
400 nTorr of CO, yields of five were consistently observed the yields was observed to occurafter hours of bombardment
and yields up to seven have been occasionally measured. with ps-long electron beam pulses at a frequency of I Hz.
Higher yields might result from the optimization of the Increasing the magnitude of the negative voltage bias of the
thickness of the oxide layer; a systematic optimization of the target such that the primary electrons would arrive at the
activation procedure has not yet been completed. target surface with an energy of less than the smallest value

In Fig. 2 the oscilloscope traces show the effect of elec- shown in Fig. 3 would probably result in further increase in
tron multiplication. The top trace corresponds to the current the yield; however, this was observed to distort the current
pulse collected at the grounded target when bombarded by pulse due to the onset of oscillations.
an 8 keV primary beam impinging at at angle of 30°. In this
situation the secondary electrons rapidly form a space
charge that inhibits significant electron emission and conse-
quently the target current can be considered a good approxi- "U
mation of the primary beam current impinging on the target (a)

if backscattering is neglected.' 4 This assumption was veri-

fled by applying a 50 V positive bias to the target, in which "1
case the current changed by less than 15%. The bottom trace 5

is the measured target current when all conditions are main- CL

tained equal, but the target is biased to - 5 kV. In this situa-
tion the primary electrons arrive at the target surface with an
energy of 3 keV and the secondary electrons are accelerated
to form a 5 keV beam. The bottom trace is the sum of the
primary beam current arriving to the target and that of the ,
emitted secondary electron current. Figure 2 shows that for , 0

0 5 10

Energy of Impinging Electrons (keY)

S r I I I I
41

U. (b)
C
A-0

... 5

0

0 5 10FIG. 2. Current flowing to the Ag-Mg target bombarded with an 8 keV

electron beam when the target isgrounded (upper trace, 2 A/div) and when Energy of Impinging Electrons (keY)it is biaw:d it) - 5 ktV ( lower trace, 2 A/div ). The lower pulse represents the

sum of the primary beam current collected (positive current) and the emit- FIG. 3. Electron multiplication factors as a function of impinging electron
ed current (negative current). The backgrund pressure of argon is energy for an input current of (a) 1.5 and (b) 3.0A. The angle between the
5 x 10 ' Torr. The angle between the normal to the target and the axis, or normal to the target surface and the primary beam is I I%, and the distance

the primary beam is 30', and the distance between grounded grids is 8 cm. between grounded grids ia 14 cm.
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